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ABSTRACT 


The geological formations near Karempudi area in Guntur District of 
Andhra Pradesh (Lat. 16° 20’ and 16° 26’; Long. 79° 38’ 40” and 79° 45’) 
consist of slaty shales of Cumbum, Irlakonda quartzites, Kolumnala slates 
and shales with intercalations of siliceous dolomitic limestones and Sree- 
sailam quartzites of Krishna Series, forming a perfect’ conformable 
sequence, all the formations striking N.E.-S.W. and dipping on average 
25°S.E. The Srisailam quartzites are overlaid unconformably by Palnad 
limestones (Narjis) of Jammalamadugu stage of Kurnool Series with 
a constant dip of 8-12° in the same direction. 


The Krishna Series were subjected to local but intense structural dis- 
turbances resulting in an overfold. Subsequent to the overfolding, lead 
mineralization has taken place in dolomitic limestones. The lead-zinc 
minerals of Karempudi consist of Galena, Sphalerite, Jamesonite, Tetra- 
hedrite as primary minerals, and Anglesite as secondary mineral; there 
is association of chalcopyrite with Sphalerite. The textures are due to 
replacement and unmixing(?). The paragenetic sequence of the minerals 
is established to be sphalerite, chalcopyrite, galena, jamesonite, tetra- 
hedrite and anglesite. 


Correlation of field to laboratory studies revealed that the minerals 
are of hydrothermal (hypogene) origin. The structural and lithological 
favourability and controlling of the mineralisation are also explained. 
Anglesite owes its origin to the oxidation of galena due to air-water pro- 
cesses. The mineralization is surmised to have taken place in Pre-Palnads 
and Post-Krishna times. 


INTRODUCTION 


IN recent years in the study of geology of the Puranzs of South India, the 
Stratigraphic position of Palnad formations received great attention from 
the officers of Geological Survey of Hyderabad and Geclogy Department of 
Andhra University. 
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The area around Karempudi under present investigation drew great 
interest because of the lead mineralization in the dolomitic limestone band. 
The old workings for lead in the area were first reported by King (1872). 
In the year 1955 teachers and scholars of Geology and Geophysics Depart- 
ments of Andhra University carried out detailed prospecting in the mineral- 
ized zone with the financial aid provided by the Andhra Government. 


Karempudi (Lat. 16° 20’ 30” and Long. 79° 43’ 30”) is on the bus route 
of Gurazala-Vinukonda and is situated 12 miles south-east of Gurazala. 
The old workings for lead under investigation are located in the adjoining 
Waumykonda hill range 5 miles south-west of the village Karempudi. 


METHODS OF STUDY 


A compass survey was carried out on a scale of |” = 40 ft. (Fig. 1) in 
which boundaries of the various rock types have been demarkated. Geo- 
logical traverses across the band were undertaken at suitable places to bring 
out the structural features. 


Systematic sampling was carried out from all the pits for laboratory 
work. The polished sections were studied under the ore-microscope to deter- 
mine the mineralogy, textural relations and paragenesis of the ore minerals. 


Geology.—The various geological formations met with in the area are 
as follows (Fig. 2): 





Recent Kankar 
Jammala- Palnad (Narji) ; 
Kurnools madagu { euatune ; Limestones 
Sreesailam Quartzites 
Ocherous shales and slates 
Krishnas Kolumnala with intercalated dolo- 
( mitic limestones 
Irlakonda Quartzites 





Nallamalai Cumbum Slaty shales 


Slaty shales of Cumbum.—The plains south of Waumykonda range are 
covered by the slaty shales. These are of various colours such as grey, 
purple, silvery and blue. 


Krishna series —The Krishna series is divisible into Irlakonda quart- 
zites, Kolumnala shales and Sreesailam quartzites, forming a perfect 
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The Lead Ore bearing Dolomite Band 
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conformable sequence. The Sreesailam quartzites and Irlakonda quartzites are 
separated by a series of slates called Kolumnalas. 


The Cumbums are not separated from the overlying Krishnas by any 
definite unconformity. Existence of such a break in sedimentation can be 
proved in the Palnad area where the Cumbum slates dip at 27-28° due south- 
east, while the overlying Krishnas show a dip of 46° due south-east. This 
angular unconformity is a result of the structural disturbance to which the 
Krishnas were subjected. The evidence for the structural disturbances is 
provided by an overfold which is clearly seen near Nayakuralu Alugu (Maha- 
devan and Umamaheswara Rao, 1950). This structure is seen extending all 
along the hill range of Waumykonda (Kondayya, 1949). 


Intercalated galena-bearing dolomitic limestone bands.—In the western 
continuation of shales and just 5 miles $.S.W. of Karempudi is found a band 
of dolomitic limestone. In the dolomitic marbles disseminations of galena 
are seen. Long lines of old workings and a good number of old pits are 
found and these indicate that large-scale mining was in full swing in ancient 
times. 

Palnad limestones.—To the north of Waumykonda hill range, limestones 
of various colours—bluish-grey, brown, etc.—can be seen. Yellowish-white 
crystalline limestones are found on the Karempudi-Mellavagu Road at 28/1 
mile-stone. They have a dip of 8-12° to the south-east. 





Nowhere in the area are found limestones overlying quartzites. They 
appear to tail up against the Cuddapah quartzites in the southern boundary. 
At Nayakuralu Alugu in the Waumykonda range quartzites are folded back 
over the Palnad limestones. 


Kankar.—Pisolitic concretionary matter called kankar is seen above 
these limestones. This formation owes its origin to alternate rainy season 
and summer. 


Extent of ore-mineralization.—Cross-trenching usually 10x4’ to the 
required depth were sunk near the old workings to reach the bottom and lay 
bare the mineralized band and trenches along the strike to trace the conti- 
nuity of mineralization, were also put down. 


The above investigation has yielded very valuable data regarding many 
aspects of mineralization. It has been found that the occurrence of lead 
ore is confined to the dolomite band. Detailed mapping has indicated that 
the mineralised band which forms a limb of a fold is in the northern extension 
of the anticlinal overfold (Mahadevan, 1951). The present work indicates 
hope in the proved extent of the dolomite band and the continuity of the 
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mineralization all along its length for well over 2,000 ft., the width of the well- 
marked zone of mineralization being variable from 8-20’ (Fig. 1). Further 
it revealed the structural and lithological favourability of the area for a prob- 
able continuation of the ore in depth. 


Nature of the ores.—In almost all the pits sunk, either in old fillings or 
just away from them, it has been observed that there is a well-marked zone 
of mineralization, the type of occurrence of the lead ore being in pockets, 
nests, impregnations and disseminations of galena. The mineral galena is 
often associated with quartz stringers which ramify the dolomite band in 
all directions. The chief ore mineral is galena. 


Ore localization.—It must, however, be pointed out that nowhere is the 
occurrence of galena found to correspond to the typical lode type, in that the 
characteristic assemblage of the ore and the gangue mineral has not been 
found anywhere in the area. As such, it is doubtful whether the mineraliza- 
tion in the dolomite band corresponds to any lode type or vein type. The 
selective mineralization of the dolomite band in preference to the slates and 
quartzites can be explained by the lithological favourability of the former. 
The higher chemical susceptibility of crystalline limestones and dolomites to 
replacement is well known. The peculiar association of limestones with 
lead-zinc deposits has been noted all over the world, and this area affords 
another example. 


Optical studies of the rock types.—Cumbum slates, slaty shales and phyl- 
lites: In thin’section, various shades of colours are observed due to different 
amounts of iron oxides present. The minerals that can be discerned are 
scales of mica, quartz and felspar. The shales differ from slates in the clea- 
vages which are not so perfect. The strain effects due to pressure are clearly 
seen in the wavy cleavage found in the phyllites. The mineral assemblage is 
same as in slates. 


Krishna formations.—The Irlakonda quartzites are fine-grained, irregular 
in outline and very much crushed. Accessories of magnetite and biotite 
are present. Brushed extinction is exhibited by most of the quartz grains. 
The grain size of Sreesailam quartzite is much larger. The slates show per- 
fect development of cleavage and are just like the Kolumnala slates of the 
type area. 





Galena-bearing dolomite limestone.—This rock consists essentially of dolo- 
mite, calcite and quartz. Dolomite shows good rhombohedral cleavage 
and twinkling. Some quartz grains show undulose extinction indicative of 
the prevalence of pressure during or after its formation. The quratz ribbons 
ramifying in all directions are noteworthy. Dolomite grains near the quartz 
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ribbons are much larger in size. Galena and other sulphide minerals are 
always seen associated with quartz ribbons. 


Painad limestones.—The typical Palnad limestones are cryptocrystalline, 
equigranular and show twinkling in polarised light. Generally a few quartz 
grains are present which are elongated and lie in a definite linear arrangement. 


Ore mineral study.—A chip was taken from the sample and wet method 
of polishing was adopted as advocated by Short (1940). The optical pro- 
perties, etch tests and microchemical tests are given in Table I. 


MINERALOGY 


Chalcopyrite—This mineral is seen sparingly in light grey sphalerite as 
minute inclusions with smooth and sharp grain boundaries. 


Galena.—Galena is the most abundant ore mineral which appears com- 
monly as coarse-grained aggregates and occasionally toothed (Microphoto 1). 
It does not show any deformation in the cleavage planes or triangular pits. 
The contact between galena and sphalerite is (occasionally) seen as smooth 
and curving boundaries, sometimes with decided projections of galena into 
sphalerite. Jamesonite and tetrahedrite are the rare associates of galena. 
Small grains of tetrahedrite occur at the grain boundaries of galena. 


Sphalerite—It occurs as disseminations with galena. It is light resin 
yellow variety, and rarely shows inclusions of chalcopyrite. Galena and 
sphalerite are generally contiguous with smooth and curving boundaries. 
Some grains of sphalerite are seen replaced by galena. 

Jamesonite and tetrahedrite.—Tetrahedrite occurs as small grains in cubic 
planes of galena when observed in oil and under high magnifications. 
Jamesonite occurs as thin and long needles in galena. 


Silver.—No silver or silver minerals are observed, but the mineral galena 
responses to the test for silver. 


Anglesite.—Anglesite is the secondary mineral observed as thin lining 
along the boundaries and cleavages of galena. In advance stages of replace- 
ment, residual grains of galena are seen in anglesite. 


Textures and textural relations——The textural types found in the ores 
under study can be genetically classified as: 


(a) textures due to simultaneous deposition, 
(6) replacement textures, 

(c) textures due to unmixing, and 

(d) oxidation textures, 
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Textures due to simultaneous deposition —Galena and sphalerite grain 
boundaries show smooth regularly curving contacts, generally without decided 
projections of one into the other. This is otherwise called mutual boundary 
texture (Bastin). 


Replacement textures.—The replacement of sphalerite by galena is not 
generally regulated by any cleavage of weak plane. Some decided projec- 
tions of galena into sphalerite reveals that some of the galena is later or of 
second generation. 





Rim replacement.—Anglesite replacing galena along cleavage planes 
resembles comb texture. 

Replacement relics.—In advanced stages of replacement of galena by 
anglesite this texture is commonly seen. 

Textures due to unmixing (?).—Chalcopyrite grains occur as fine dissemi- 
nations (emulsion) in sphalerite and have smooth and sharp boundaries but 
not arranged in any definite direction. 

Textures due to oxidation—This texture is seen in oxidised sphalerite 
grains due to the high solubility of the oxidised product (sulphate) of sphaler- 
ite. Triangular and irregular-shaped nests are the results. 


TABLE II 


Chemical data 








Sl. Sample in Weight percentage 
No. trench No. of galena 

I Rich pocket ore 7°50 

2 I 4-50 

3 5 4-80 

4 8 1-65 

5 14 3-87 

6 15 0-48 

7 20 2°87 





Test for silver.—Catalytic reduction of Mn*# and Ce!” salts. Limit of 
identification 0-47 silver. Dilution limit 1: 120,000. 
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The wide range of variation of percentage of galena is due to the fact 
that the ores occur as pockets, nests and disseminations. 


DISCUSSION 


Textures due to unmixing (?).—The question of inclusions of chalcopyrite 
in sphalerite has been discussed according to the criteria stated by Schwartz 
(1931, 1937). When a number of sections were examined with oil immersion 
objective, only one specimen has shown the presence of chalcopyrite whose 
characteristics are: 

(1) The inclusions of chalcopyrite appear mostly plate-like forms charac- 
terised by curved boundaries. 


(2) The occurrence of inclusions is not related to the grain boundaries, 
contact, cleavage planes or other localities where replacement characteristically 
takes place. 

(3) Chalcopyrite forms quite irregular inclusions of disseminated and 
emulsion nature. 


The above observations (of the criterion of Schwartz, 1931) suggest 
the interpretation of chalcopyrite as unmixing. Confining with other 
observations such as the limitation of chalcopyrite to only sphalerite and the 
absence of any enrichment of chalcopyrite suggest, or at least not opposed 
to the interpretation of inclusions due to unmixing. 


According to Bragg (1937), the close similarity of sphalerite and chalco- 
pyrite in crystal structure, in atomic diameters of zinc, copper and iron and 
in the valencies of the three elements is in support of exsolution texture. 
Even though the data explain the favourable conditions for the formation 
of exsolution textures, the orientation of chalcopyrite grains (Microphoto 2), 
is less uniform and they show wide range in size. Even though it shows a 
seriate arrangement to some extent, the texture suggests that it might be the 
result of progressive unmixing, and it might have taken place from the original 
melt itself. As this combination of chalcopyrite and sphalerite is not seen 
in any other samples, it is very difficult to conclude whether this texture is 
the result of progressive unmixing or due to successive crystallisation with 
or without replacement. 


The distribution of jamesonite and tetrahedrite in galena showed deposi- 
tion migrating towards the grain boundaries. This may probably suggests 
that the unmixing is of eutectic nature. 


Oxidation textures.—Gottscholk and Buehler (1912) observed that the 
two minerals galena and sphalerite when in contact and moistened, act as 
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batteries and that in a mixture of the two sulphides there is a large increase 
in solution of one of the lower potential (ZnSO,), while there is also protec- 
tive action exerted on the other (PbS). Further they have observed that 
there is no need for any sulphate solutions to oxidise galena and the moisture 
and oxygen in air are sufficient for this process. 


The oxidation of sphalerite and galena in Karempudi ores also is 
brought about by air-water process rather than by ferric sulphate solutions 
because pyrite which would yield sulphate solutions has not been traced out. 


Silver as solid solution with galena.—Galena is an important host mineral 
for silver and it can be explained from the point of view of crystal chemistry 
(Goldschmidt). 


Paragenesis.—The paragenetic sequence of the minerals is determined 
by microscopic study and is shown below :— 





Mineral General decrease of the temperature 








Quartz 
Sphalerite 
Chalcopyrite .. 





Galena 
Tetrahedrite .. 
Jamesonite 


Anglesite ie conten 





The mutual relationships of the minerals and the evidence in support 
of this succession are discussed below: — 


Quartz.—The main mass of quartz has crystallised first and the remain- 
ing mass has crystallised along with the sulphides. In some places galena 
shows idiomorphism in quartz. Recrystallization of dolomite into bigger 
crystals is seen near the quartz ribbons. 


Sphalerite and chalcopyrite.-—Bastin (1950) is of the opinion that small 
inclusions of chalcopyrites in sphalerite are probably in most cases due to 
unmixing of a solid solution of the two sulphides and the two minerals must 
be interpreted as being due to contemporaneous crystallization. 
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Galena and sphalerite—The association of galena with sphalerite with 
smooth and curving boundaries (Microphoto 3) suggests that they are of 
simultaneous crystallization. In some cases, islands of sphalerite in galena 
suggest that some of the galena is crystallized later to sphalerite. From the 
above observations one can conclude that during the fall of temperature, 
chalcopyrite has come out due to unmixing of solid solutions of chalcopyrite 
and sphalerite when the crystallization of sphalerite has continued for some- 
time, to be followed later by simultaneous crystallization of galena. After 
completion of the crystallization of sphalerite, galena has continued further, 
replacing sphalerite to some extent as evidenced in some of the specimens. 


Jamesonite and tetrahedrite——These minerals are seen in galena which 
replaces sphalerite. The minerals might have crystallized along with galena 
during the last phases of crystallization of the ore minerals. 


Anglesite and galena.—Anglesite is decidedly of later origin because it is 
seen replacing galena (Microphotos 4, 5 and 6) and this is the oxidised pro- 
duct of galena. 


Origin of the primary sulphide minerals.—Lead in nature occurs as veins 
and lodes and as metasomatic replacement mainly in limestones and most 
of it is formed by low temperature hydrothermal solutions. 


There are three views on the formation of lead minerals :— 
(1) By descending surface waters. 

(2) Ascending artesian meteoric waters. 

(3) Hydrothermal solutions of igneous origin (Hypogene). 


The first view was supported by Bain, Van Hise and Adams (1935), 
Buckly (1936), in explaining the origin of lead minerals of S.E. Missourie 
lead deposits, where the presence of organic matter has facilitated the re- 
deposition from the solutions. But in Karempudi, the galena-bearing dolo- 
mitic limestones do not bear any organic matter to facilitate such precipi- 
tation. 


The second view of deposition of galena by ascending meteoric waters 
cannot be applied to this area for there are no indications of artesian water 
conditions. The persistence of the ore in depth is also doubtful. 


The disseminated type of the sulphide minerals is, according to Tuck 
(1931), characteristic of the extreme mobility of the ore solutions. Niggli 
(1924) is of the opinion that this extreme mobility can be expected in hydro- 
thermal juices alone. Ridge (1936) feels that the occurrence of chalcopyrite 
indicates a hydrothermal (Hypogene) origin of the ore deposits associated 
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with it and this view was also supported by Wells (1914). Besides, the follow- 
ing mineral assemblages and textural features of the ore minerals when criti- 
cally viewed in the light of the treatise of Schwartz (1931 and 1951) will point 
out to their hypogene origin: 

(1) Large grains or crystals of galena. 

(2) Irregular intricate replacement of sphalerite by galena. 


(3) Presence of known hypogene minerals (as suggested by Bateman, 
1952), like chalcopyrite, tetrahedride and Jamesonite. 


(4) Mutual boundary relationships of galena and sphalerite and tex- 
tures exhibited by chalcopyrite and sphalerite. 


The association of galena with quartz ribbons may be thought as having 
been brought about during dedolomitisation that might have taken place 
under temperature-pressure conditions during the structural disturbance in 
Pre-Palnad times, when some silica has been released along with previously 
existing galena from the dolomites. But no such evidence is seen under the 
microscope or in the field. The grain size of the dolomites is uniform except 
near the quartz ribbons which show perfect crystallinity and larger grain size. 

Secondary minerals.—Anglesite is the only secondary mineral and is 
characterised by the following criteria (Schwartz, 1951): 

(1) Replacement of galena by anglesite is related to cleavages and grain 
boundaries only. 

(2) Narrow rim of anglesite around galena. 

(3) The replacement is of selective nature. Anglesite is not seen asso- 
ciated with any mineral other than galena. 


The age of the mineralization—The mineralization hes taken place in 
Pre-Palnads and Post-Krishna times. 


SUMMARY AND CONCLUSIONS 


Lead mineralisation has taken place in dolomitic limestone band which 
is sandwiched in slates which forms a limb of an anticlinal overfold (in the 
northern extension). 

The sequence of mineral of the Karempudi ores is sphalerite, chalco- 
pyrite, galena, jamesonite, tetrahedrite, and anglesite. 

The textures are due to unmixing(?), simultaneous crystallization, 
replacement and oxidation of the minerals. 

From the field and the microscopic evidence, the ore minerals 
are believed to have been formed from hydrothermal solutions. 
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The mineralization has taken place in Pre-Palnads and Post-Krishna 
times (after folding). 
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Fig. 1. Galena (White) with triangular pits and saw-toothed borders in carbonate, x125. Fig. 2 
Chalcopyrite (White) and Sphalerite (Grey), x540. Fig. 3. Mutual boundary relationship between galena 
(White) and Sphalerite (Dark grey), x125. Fig. 4. Galena (White) goes metasomatically along carbonate 
(Black), 125. Fig. 5. Replacement residuals of galena (White) in anglesite (Dark grey), 125. Fig. 6. 
Anglesite (Dark grey) replacing galena (Grey) along contacts and cleavage planes, x 125. 
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INTRODUCTION 


Eu45¢ is known! to decay to Gd!5* with half life about 15 days by the emission 
of B-particles. So far no decay scheme has been proposed for this isotope. 
In a brief report by Boehm and Hatch? (1956) only one f-group of about 
2-450 Mev. and a large number of y-rays from 585 Kev. to 2-182 Mev. are 
assigned to the decay of Eu®®, They produced Eu‘ by irradiating a sample 
of Europium in a pile by triple neutron capture process, Eu’* (37, y) Eu1®, 
In such a process the long-lived Europium isotopes Eu? and Eul54 
are also produced. Therefore there will be a great interference due to these 
isotopes in the study of the B-spectrum of Eu'® up to 1,600 Kev. Later in 
another brief report by Ewan* (1957) two 8-groups of energies about 450 Kev. 
and 2-455 Mev. and y-rays of energy 89 Kev., 199 Kev., 1840, 1940, 2050 
and 2183 Kev. are assigned to the decay of Eu*®. He produced Eu'¢ by 
the double neutron capture process on natural Sm 4(22-5%), i.e., Sm154 
(n, v) Sm155—> Eu" (n, y) Eu5®, In this process Eu’ is also produced from 
Sm? (26-8) in a similar manner. Because of the great interference of 
Eu activity, the earlier workers could not study the details of the decay 
scheme of Eu15® as enriched sample was not used. In this work, enriched 
sample of Sm154(99%) was used for producing Eu, 


Gd1** is an even-even nucleus in the region of highly deformed nuclei 
IS0<A<190. From systematics of energy levels of even-even nuclei 
inthis region one would expect a similar energy spectrum in Gd18 also. 
With this in view this isotope was reinvestigated using intermediate image 
B-ray spectrometer, scintillation spectrometer and a coincidence spectro- 
meter. 

EXPERIMENTAL 


(a) B-Spectrum.—The B-spectrum of Eu!® was studied with the inter- 
mediate image f-ray spectrometer. The Fermi-analysis of the 8-spectrum 
157 
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shows the presence of the following f-groups (Kev.): 
B, = 1180 + 30, 8; = 720 + 60 and 8, = 480 + 30. The groups f, and f, 
are in agreement with those reported by Ewan (1957). 
groups 8, and 8; are observed. The f-spectrum of Eu*, below 300 Kev. 
is masked by intense f-spectrum of Eu®® which extends up to 250 Kev. 
Therefore one cannot determine reliably £-groups belonging to Eu! in this 
To overcome this difficulty the £-ray spectrometer was adjusted to 
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Fic. 1(A). y-ray scintillation spectrum of Eu, (B) High energy y-ray spectrum 


of Celf4 + Pri44 taken under the same conditions. 


B, = 2450 + 30, 


In addition two more 
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make f-y coincidence measurements, and a f-spectrum was taken in co- 
incidence with high energy y-rays at 1960 Kev. and above. The co- 
incidence B-spectrum extends up to 480 Kev. There is an indication of the 
presence of a B-group of still lower energy. 


(b) y-ray spectrum.—Figure 1 shows the y-ray spectrum taken with 
scintillation spectrometer consisting of 2”x14” diameter Nal (TI) 
crystal coupled to 6292 DuMont photomultiplier tube. The scintillation 
spectrometer was calibrated with standard y-rays 662 Kev. (Cs**’), 1-17 
and 1-33 Mev. (Co) and 2:18 Mev. (Ce#+Pr!). One can see from 
Fig. | (A) the y-spectrum extending up to 2-18 Mev. which is in good 
agreement with Ewan (1957) and Boehm (1956). The y-ray spectrum 
is very complex. The y-rays of energies (Kev.) at 630 -+ 20, 710 + 20, 
810 + 20, 930 + 20, 1050 + 20, 1140 + 20, 1250 + 20, 1960 +- 20, 2050 + 20 
and 2180+ 20 have been identified. A systematic analysis of the 
composite spectrum indicates the existence of y-rays of energy about 
1380 + 25 Kev., 1640+ 25 Kev., 1750+ 25 Kev. and 1840+ 25 Kev. 
High energy region between 1600 Kev. and 2180 Kev. has been compared 
with that due to Pr!44 (Fig. 1B). Presence of 2050 and 1960 Kev. y-rays 
are clearly shown. In the region between 300 Kev. and 1900 Kev. it is diffi- 
cult to ascertain from such a spectrum the presence of y-rays by suc- 
cessive subtraction of compton background due to high energy y-rays 
(1960-2180 Kev.). It is to be noted that the y-ray spectra observed 
by Ewan® (1957) and Boehm? (1956) with curved crystal spectrometer indicate 
that many of the y-rays mentioned above are not single, but each is a 
composite of two or more y-rays closely spaced in energy, which cannot 
be resolved in a scintillation spectrometer. 


B-€ coincidence spectrum.—In the low energy region from 35 Key. to 
300 Kev. Ewan et al. find conversion electrons, with a lens spectrometer, 
corresponding to two transitions 89 Kev. and 199-2 Kev. in the decay of 
Eu6, There is a 86-5 Kev. transition present in the decay of Eu which 
will interfere in the study of 89 Kev. transition of Eu'**. These low energy 
electron lines appear superposed on a very intense f-spectrum due to Eu 
and Eu which makes it difficult to make a reliable relative intensity measure- 
ments of these conversion lines. Therefore B-€ coincidence technique deve- 
loped with intermediate image f-ray spectrometer was used to study the low 
energy conversion electron spectrum due to Eu*. This technique has been 
described in the previous study of Eu’ by Ambiye‘ ef al. (1959). Highest 
energy B-group in Eu’ is only 250 Kev. whereas in the case of Eu* it extends 
up to 2450 Kev., which was discriminated from 250 Kev. and the conversion 
electron spectrum in coincidence with higher energy f-rays (> about 350 Kev.) 
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was taken (Fig. 2). The conversion electron lines are identified 
due to 89 Kev. (K,L,), 201 + 3(K,L.) and 122 + 3 Kev. (K,L,) transitions. 
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Fic. 2. The internal conversion electron spectrum of Eu™*® taken in coincidence with 
Berays of energy greater than 300 Kev. 


The 122 Kev. transition was attributed to Eu‘*4 which is known to be present 
as impurity. K/(L + M) ratio for 89 Kev. has been determined to be about 
0-7 and it is in good agreement with the value of Ewan® (1957) indicating pure 
E, character for this transition. 


y-y-coincidence.—The y-y-coincidence measurements were made with a 
scintillation coincidence spectrometer with resolving time about 3 x 10-* sec. 
The coincidence set up was slow-fast type similar to that by Bell and Graham® 
(1952). One of the two scintillation spectrometers arranged in coincidence 
had a 2”x14" diameter Nal (T1) crystal optically cemented on to 6292 
DuMont photomultiplier tube by chlophen A 60. The other had 1”x1}’ 
diameter NalI(T1) crystal optically coupled to 6260 EMI photomultiplier 
tube. The anode pulses from the respective photomultiplier were fed to 
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limiters. These limiter pulses were taken through cables of 150 ohm charac- 
teristic impedance. Pulses were shaped by a cable of 752 impedence shorted 
atone end. These shaped pulses were fed to a fast coincidence circuit simi- 
lar to the one of Bell and Graham. Output of the fast coincidence unit 
was amplified and fed to a slow coincidence circuit (+ = 4wsec.) through 
| adiscriminator. The positive pulses from lower dynode of the photomulti- 
plier tubes were fed to the slow triple coincidence circuit through amplifiers 
and single channel analysers. Resolving time of this set-up as determined 
by chance coincidence method was about 3x 10-® sec. with efficiency about 
90%. Performance of the set-up was tested with Co y-rays. Then 
the following observations were made on the decay of Eu15* (Fig. 3). (a) The 
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Fic. 3. (A) Singles y-ray spectrum, (B) Gamma-ray spectrum taken in coincidence with 
the 1050 + 25 Kev. y-ray, (C) yspectrum taken in coincidence with 1230 + 30 Kev. y-ray. 
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high energy y-rays 1950, 2050 and 2180Kev. are not in coincidence 
with 630, 720, 810, 930, 1050, 1140 and 1230 Kev. y-rays. (b) 1050 
+25 Kev. y-ray is in coincidence with 810+ 25 and 720 + 25 Key, 
y-rays (Fig. 3B). (c) 1230+ 30Kev. y-ray is in coincidence witha — | 
y-ray of energy about 630 + 30 Kev. (Fig. 3 C). , 


miata he NEN 


Level-scheme.—Since no decay scheme has been proposed for this iso F 
tope, a tentative partial decay scheme is proposed based on our experimental : 
observations alone. Excited levels are proposed at (Kev.) 89, 290, 1140, ; 
1360, 1540, 1840, 2050 and 2180. The 0, 87 and 290 Kev. levels are known 
to form a rotational band of the ground state. The levels at 1140, 1540 
and 2050 Kev. are in agreement with those proposed by Henry® (1959) from 
the study of Tb®. Highest energy group 2450 + 25 Kev. is assumed to | 
feed 89 Kev. rotational level in agreement with previous workers, the other 
groups 1180 + 25, 720+ 60 and 480 + 20 Kev. feed the levels at 1340, 
1830 and 2050 Kev. respectively. There is some evidence that still higher 
levels may exist. 


Recently, there have been two brief reports on the decay scheme of this 
isotope, one by Ewan et a/.? (1960) and the other by Cline and Heath® (1960). 
The levels proposed here are in good agreement with those proposed by 
Ewan et al., and are in general agreement with those by Cline and Heath. 
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In case of even-even nuclei in the region of highly deformed nuclei 
150 < A < 190, the unified nuclear model® predicts, in addition to the 
ground state rotational band (K = 0), a vibrational band with K = 2, where 
Kis the projection of total angular momentum quantum number I, along the 
symmetry axis of the nucleus. The sequence of the levels in this band is 
(KI 7) (2, 2+), (2, 3+). When compared with the level scheme of neighbour- 
ing even-even nuclei it appears that this vibrational band (K = 2) occurs in 
the region 1150 and 1360 Kev. This is in agreement with the assignment of 
(2, 2+) to 1152 Kev. by Hansen et al.!° (1959), from their study of the decay 
scheme of Tb® decaying to Gd'*®. 


A detailed understanding of the nature of excited levels in terms of the 
different expected vibrational modes of excitation requires a definite know- 
ledge of the multiple nature of the transitions which can be ascertained from 
the internal conversion coefficients of these transitions. 


We are grateful to Dr. B. V. Thosar for his keen interest in this work. 


SUMMARY 


Decay of 15 days activity of Eu5® has been studied using intermediate 
image B-ray spectrometer and f-y, f-é and y-y coincidence techniques. 
The f-groups, 8, = 2450 Kev., 8. = 1180 Kev., B; = 720 Kev. and fp, = 
480 Kev. and the y-rays (Kev.) at 89, 201, 630, 710, 810, 930, 1050, 1140, 
1250, 1460, 2050 and 2180 have been identified. From coincidence studies, 
energy levels in Gd15§ are proposed at (Kev.) 89, 290, 1140, 1360, 1540, 1840, 
2050 and 2180. 
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IN an earlier paper! it was reported that the treatment of ethyl 1-ethoxy- 
carbonyl-2-oxocyclopentylacetate (I) with alcohol-free sodium ethoxide in 
refluxing benzene led to a cyclohexane system, since the product on hydro- 
lysis and decarboxylation yielded 3-carboxycyclohexanone (VI). The 
mechanism suggested is detailed below. 
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* Part J. Banerjee, D. K., Dutta, J. and Bagavant, G., Proc. Ind. Acad. Sci., 1957, 46 A, 80. 
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Fission of ethyl 1l-ethoxycarbonyl-2-oxocyclopentylacetate (I) by the 
ethoxy] ion leads to the anion (Ila). The negatively charged oxygen atom 
of the enol anion (II 6) would attack the methylene group a to an ethoxy- 
carbonyl function furnishing the carbanion (IV a) via the transition inter- 
mediate (III); this is similar to the first step in an aldol condensation where 
a base attacks a reactive methylene group to produce a carbanion. The 
keto form (IV 4) of the enol carbanion (IV a) would then cyclise to 2, 3-di- 
ethoxycarbonylcyclohexanone (V)! which on hydrolysis and decarboxylation 
should yield 3-carboxycyclohexanone (VI). 


However, according to an alternative mechanism, ethyl 1-ethoxycarbo- 
nyl-2-oxocyclopentylacetate (I) may undergo a Claisen reaction in the pre- 
sence of sodium ethoxide giving a bicyclic B-diketone (VII). This diketone 
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may cleave in any of three ways (dotted lines) in the presence of ethoxide 
ion to furnish (a) the original compound (J), (6) 3, 3-diethoxycarbonylcyclo- 
hexanone (VIII), (c) 2, 5-diethoxycarbonylcyclohexanone (IX); but, only 
the last of these would be soluble in 5%-alkali and yield 3-carboxycyclo- 
hexanone (VI) on hydrolysis and decarboxylation. 


The structure of the keto-ester obtained in this isomerisation was there- 
fore investigated. The procedure was similar to that adopted by Sen and 
Bagchi in their investigation of the product of Dieckmann cyclisation of 
ethyl pentane-1, 2, 5-tricarboxylate with sodium in benzene.2 Methylation 
of the B-keto-ester gave a product which on ketonic hydrolysis yielded an 
acid which was identified as 3-carboxy-2-methylcyclohexanone. Further, the 
methylated product on being fissioned with a trace of sodium ethoxide in 
alcohol furnished a hexane-triester with a refractive index higher than that 
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of the authentic sample of ethyl hexane-1, 2, 5-tricarboxylate (XIV) vide 
infra. An identical difference between the refractive indices of ethyl hexane- 
1, 4, 5-tricarboxylate and ethyl hexane-!, 2, 5-tricarboxylate was noted by 
Sen and Bagchi.? 


The formation of 3-carboxy-2-methylcyclohexanone and ethyl hexane- 
1, 4, 5-tricarboxylate indicates the product of the isomerisation to be 2, 3- 
diethoxycarbonylcyclohexanone (V) and supports the mechanism earlier 
suggested. 


An authentic sample of 3-carboxy-2-methylcyclohexanone was pre- 
pared by methylation of 2, 3-diethoxycarbonylcyclohexanone followed by 
hydrolysis and decarboxylation. 


5-Carboxy-2-methylcyclohexanone (XVI) and ethyl hexane-l, 2, 5- 
tricarboxylate (XIV), which would have resulted from the aforementioned 
series of reactions according to the second mechanism, were prepared as 
reference compounds by a different procedure from that of Bradfield et al.* 
who had earlier prepared these compounds. 


Dieckmann cyclisation of ethyl pentane-1, 2, 5-tricarboxylate (X) with 
alcoholic sodium ethoxide gave ethyl 3-ethoxycarbonyl-2-oxocyclopentyl- 
acetate (XI).1. Methylation of the B-keto-ester (XI) yielded 3-ethoxycarbonyl- 
3-methyl-2-oxocyclopentylacetate (XII). The structure of (XII) was con- 
firmed by its conversion into 3-methyl-2-oxocylclopentylacetic acid (XIII) 
which was previously prepared by Bradfield ez a/.* Fission of the methylated 
B-keto-ester (XIII) with a trace of sodium ethoxide in alcohol yielded an 
authentic sample of ethyl hexane-1, 2, 5-tricarboxylate (XIV). The tri- 
ester (XIV) on Dieckmann cyclisation gave 2, 3-diethoxycarbonyl-6-methyl- 
cyclohexanone (XV) which on ketonic hydrolysis furnished 5-carboxy- 
2-methylcyclohexanone (XVI). 


The keto-ester (XV) could also be prepared directly from 3-ethoxycarbo- 
nyl-3-methyl-2-oxocyclopentylacetate (XII) by refluxing with a molar quantity 
of alcoholic sodium ethoxide. 


EXPERIMENTAL 


Methylation of the cyclohexane B-keto-ester! obtained in the isomerisation 
of ethyl \-ethoxycarbonyl-2-oxocyclopentylacetate with alcohol-free sodium 
ethoxide in benzene.—To sodium dust (1-38 g.) under benzene (100 ml.) 
was added the f-keto-ester (12-1 g.) at 0°. The clear solution containing 
a few particles of sodium was refluxed for 1-5 hours and then cooled to 0°, 
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and methyl iodide (8 ml.) was added to it. After standing the contents for 
0-5 hour at room temperature, it was gently refluxed for 8 hours. The 
cooled contents were poured into water (150 ml.), the benzene layer was sepa- 
rated and the aqueous layer was extracted with benzene. The combined 
benzene extract, which showed no colour with alcoholic ferric chloride, was 
washed with brine. After removal of the benzene, the methylated product 
was distilled, b.p. 129-31°/0-7mm., yield 10:60g. (Found: C, 61-0; 
H, 7:8. Calc. for CigsH290,: C, 60-95; H, 7-9%). 


Ketonic hydrolysis of the methylated product—A mixture of the afore- 
mentioned methylated f-keto-ester (2 g.) and 6 N-hydrochloric acid (40 ml.) 
was refluxed for 20 hours. On complete removal of the lower boiling pro- 
ducts, a solid with adhering gum (1-2 g.) was obtained. After pressing on 
a porous plate the acid melted at 86-93°. It was crystallised from ether- 
light petroleum (40-60°), m.p. 93-97°; mixed melting point with an authentic 
sample of 3-carboxy-2-methylcyclohexanone, kindly furnished by Prof. 
Bagchi, was 93-96°. 


The 2, 4-dinitrophenylhydrazone prepared by the perchloric acid method 
after crystallisation from dilute acetic acid melted at 207-08°; the melting 
point was not depressed on admixture with an authentic sample of the 2, 4- 
dinitrophenylhydrazone of 3-carboxy-2-methylcyclohexanone, while it was 
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depressed to 182-90° on mixing with the 2, 4-dinitrophenylhydrazone of 
5-carboxy-2-methylcyclohexanone. 


The semicarbazone, prepared by the sodium acetate method, was crystal- 
lised from alcohol, m.p. 203-04° (lit. 204°). The mixed melting point with 
an authentic sample of the semicarbazone of 3-carboxy-2-methylcyclohexa- 
none was not depressed, while the melting point was depressed to 173-79° 
on admixture with an authentic sample of the semicarbazone of 5-carboxy- 
2-methyl-cyclohexanone. 


Fission of the methylated product.—The aforementioned methylated 
B-keto-ester (8-4 g.) was added at 0° to a solution of sodium ethoxide, pre- 
pared from sodium (71 mg.) and ethanol (1-1 ml.). The mixture was 
heated for 4 hours on a water-bath, and the cooled product was acidified at 
0° with hydrochloric acid (0-5 ml.) in water (10 ml.). Ether (100 ml.) was 
added to it and shaken, and the separated ethereal layer was washed with 
sodium bicarbonate solution and brine. After drying (CaCl,) and removal 
of the ether, the triester was collected at 165-68°/2 mm., n 271-4373 (Found: 
C, 59:2; H, 8:4. Calc. for CjsH2,0,: C, 59-6; H, 8-7%). 


Authentic sample of 3-carboxy-2-methylcyclohexanone.—This was pre- 
pared by a modified procedure of Sen and Bagchi.? 


Sodium dust (2 g.) in benzene (100 ml.) and ethyl pentane-1, 2, 5-tri- 
carboxylate (X) (14-4 g.) were refluxed for 3-5 hours on a water-bath under 
anhydrous conditions. The reaction product was cooled to 0° and methyl 
iodide (40 g.) was added slowly with swirling. After 0-5 hour at 0° it was 
refluxed gently for 8 hours. The supernatant liquid was neutral to litmus 
and showed no colour with alcoholic ferric chloride. Water (60 ml.) was 
added to the reaction mixture, and the benzene layer was separated and 
washed with brine (30 ml.). The benzene was removed and 2, 3-diethoxy- 
carbonyl-2-methylcyclohexanone was distilled at 132-34°/0-8mm., yield 
9-4g. (Found: C, 61-1; H,7-8. Calc. for Cj3H290,: C, 60-95; H, 7-9%). 


2, 3-Diethoxycarbonyl-2-methylcyclohexanone (5-1 g.) and 10%-aqueous 
potassium hydroxide (36 ml.) were refluxed for 8-5 hours in an oil-bath 
(120-27°). The aqueous solution, after extraction with ether, was run into 
ice-cold hydrochloric acid. The acid solution was extracted with ether. On 
removal of the solvent, the gummy residue weighed 2:3 g. A part of it was 
converted into the semicarbazone by the sodium acetate method. After 
repeated crystallisation from alcohol it melted at 202-04° (lit. 204°). The 
2, 4-dinitrophenylhydrazone prepared by the perchloric acid method after 
crystallisation from alcohol melted at 208-09° (lit.? 209°). 
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Ethyl 3-ethoxycarbonyl-2-oxocyclopentylacetate (XI.)\—An ethanolic solu- 
tion of sodium ethoxide, from sodium (1-2 g.) and ethanol (19-1 ml.), and 
ethyl pentane-|, 2, 5-tricarboxylate (X) (14-4 g.) were refluxed for 8 hours 
on a sand-bath. The product was cooled and decomposed at 0° with diluic 
hydrochloric acid. The mixture was repeatedly extracted with benzene and 
the combined benzene phase was washed with dilute sodium bicarbonate 
solution (0°) and brine. The solvent was removed completely and the 
residue taken up in ether (500 ml.). The ethereal solution was extracted 
twenty times at 0-5° using 25 ml. lot of 5%-ice-cold sodium hydroxide solu- 
tion. Each alkali wash was scrubbed with 100 ml. of ether and then run 
into ice-cold dilute hydrochloric acid. The turbid acid solution was 
extracted repeatedly with ether. The ethereal extract was washed with dilute 
ice-cold sodium bicarbonate solution, dried (Na,SO,), and the ether was 
distilled off. The residue, which gives an intense purple colour with alco- 
holic ferric chloride, on distillation yielded ethyl 3-ethoxycarbony!-2-oxo- 
cyclopentylacetate (XI), b.p. 125-29°/0-8 mm., yield 6-9g. (Found: C, 
59-9; H, 7:9. Calc. for Cy.H,gO,;: C, 59-5; H, 7:5%). 


Ethyl 3-ethoxycarbonyl-3-methyl-2-oxocyclopentylacetate (X11).—Ethyl-3- 
ethoxycarbonyl-2-oxocyclopentylacetate (X1) (34-6g.) was methylated as 
described before with sodium dust (3-63 g.), benzene (120 ml.) and methyl 
iodide (71 g.). Ethyl 3-ethoxycarbonyl-3-methyl-2-oxocyclopentylacetate 
(XII) boiled at 139-43°/2 mm., yield 35-6g. (Found: C, 60-6; H, 8-0. 
C,3HapO, requires C, 60-95; H, 7-9%). 


3- Methyl-2-oxocyclopentylacetic acid (XIII).—Ethyl 3-ethoxycarbony]- 
3-mathyl-2-oxocyclopentylacetate (XII) (5-1 g.) and 10%-aqueous potassium 
hydroxide (36 ml.) were refluxed for 9 hours. The reaction mixture was 
scrubbed with ether and then acidified with hydrochloric acid. The clear 
acid solution was concentrated to 25 ml. It was extracted with ether. and 
the solvent was removed when 3-methyl-2-oxocyclopentylacetic acid (XIII) 
(3-2g.) was left as a viscous liquid. The semicarbazone of the keto-acid 
(XII), prepared by the sodium acetate method, after crystallisation from 
alcohol, melted at 175-76° (lit.* 175-76°). 


The 2, 4-dinitrophenylhydrazone, prepared by the perchloric acid method,! 
after crystallisation from alcohol, melted at 178-80° d. (Found: N, 17-0, 
C,4HigO.N, requires N, 16-7%). 


Ethyl hexane-\,2,5-tricarboxylate (XJV).—Ethyl  3-ethoxycarbonyl- 
3-methylcyclopentylacetate (XII) (17-0 g.) was fissioned, as described before, 
with sodium ethoxide, from sodium (0-16 g.) and alcohol (3-8 mi.), to give 
ethyl hexane-1, 2, 5-tricarboxylate (XIV), b.p. 155-58°/1 mm., yield 18-2 ¢ 
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ns 1-4362 (Found: C, 60-0; H, 8-6. Calc. for CysH2g0,: C, 59-6; H, 
8-7%). 


2, 3-Diethoxycarbonyl-6-methylcyclohexanone (XV).—To powdered 
sodium (1-2 g.) suspended under dry benzene (100 ml.) was added ethyl 
hexane, |, 2, 5-tricarboxylate (XIV) (12-1 g.). After refluxing the mixture 
for 3-5 hours under anhydrous conditions, the product was decomposed at 
0° with dilute hydrochloric acid. The benzene phase was washed with sodium 
bicarbonate solution and brine, and the solvent removed. The residue 
(9-8 g.) was distilled to yield 2, 3-diethoxycarbonyl-6-methylcyclohexanone 
(XV) (8-2 g.), b.p. 130-33°/0-8 mm., n ** 1-4562 (Found: C, 60:9; H, 7-9. 
Calc. for C,3H_gO,: C, 60°95; H, 7°9%). 

5-Carboxy-2-methylcyclohexanone (XVI).—2, 3-Diethoxycarbonyl - 6 - 
methylcyclohexanone (XV) (5-1 g.) and 6 N-hydrochloric acid (30 ml.) were 
refluxed for 22 hours and on working up in the usual way the keto-acid (XVI) 
(3-1 g.) was obtained. The semicarbazone, obtained by the sodium acetate 
method, after crystallisation from alcohol, melted at 193-95° (lit.* 195-97°), 


The 2, 4-dinitrophenylhydrazone, prepared by the perchloric acid method,* 
after crystallisation from rectified spirit, melted at 207° (Found: N, 16-9. 
C,4H;gO,N, requires N, 16-7%). 


Isomerisation of ethyl 3-ethoxycarbonyl-3-methyl-2-oxocyclopentylace- 
tate (XII) into 2, 3-diethoxycarbonyl-6-methylcyclohexanone (XV) with alco- 
holic sodium ethoxide——Alcoholic sodium ethoxide, from sodium (0-84 g.) 
and ethanol (15 ml.), and ethyl 3-ethoxycarbonyl-3-methyl-2-oxocyclopentyl- 
acetate (XII) (8-5 g.) were refluxed for 8 hours on a sand-bath. The pale 
red product was decomposed with hydrochloric acid (4 ml.) and water (30 ml.) 
at 0°. The material was extracted with benzene, and the benzene solution 
washed with ice-cold sodium bicarbonate solution and brine. The product 
gave an intense red colour with alcoholic ferric chloride. The benzene was 
completely removed, and the residue was taken in ether and thoroughly ex- 
tracted with 5%-sodium hydroxide solution at 0-5°. The alkali extract after 
being washed with ether was acidified and the turbid acid solution extracted 
with ether. The ethereal phase was washed with ice-cold sodium bicarbonate 
solution and brine and dried (Na,SO,). After removal of the solvent, the 
B-keto-ester was distilled at 133-35°/0-8mm., yield 2-8g., n?¥ 1-4560 
(Found: C, 60-5; H, 8-05. Calc. for C\sH20;: C, 60-95; H, 7-9%). 

The above ester on hydrolysis and decarboxylation by refluxing with 
6 N-hydrochloric acid yielded a keto-acid. The 2, 4-dinitrophenylhydrazone 
melted at 206-07° and the mixed melting point with an authentic sample of 
the 2, 4-dinitrophenylhydrazone of 5-carboxy-2-methylcyclohexanone (vide 
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supra) was not depressed (206-07°). The semicarbazone of the keto-acid 
had melting point (192-95°), and mixed melting point (192-95°) with the 
authentic sample of the semicarbazone of 5-carboxy-2-methylcyclohexanone. 


SUMMARY 


A mechanism for the isomerisation of ethyl 1-ethoxycarbonyl-2-oxocyclo- 
pentylacetate (I) into a cyclohexane f-keto-ester as proceeding through an 
intermediate bicyclic B-diketone (VII) has been considered as an alternative 
mechanism to one earlier suggested.1 The determination of the structure 
of the isomerised f-keto-ester as 2, 3-diethoxycarbonylcyclohexanone (V) 
has provided support for the earlier mechanism. 
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Plumieria alba Linn. (Family: Apocynacez) is a small tree generally found 
to grow along with P. acutifolia Poir. in many parts of India. The plant was 
originally a native of the West Indies but is now naturalized in several regions 
of India. The root bark is purgative, alterative and detergent. An extract 
of the root bark is used internally and externally for syphilitic ulcers! No 
chemical work on this plant has been reported so far. The chemical examina- 
tion of its bark has therefore been undertaken and the results are recorded 
herein. 


The powdered bark was extracted with petroleum ether in the cold, 
then with ether and finally with hot alcohol. The extracts were examined 
separately. The petroleum ether extract residue was chromatographed on 
alumina. From the eluates by crystallization from solvents and solvent 
mixtures a mixture of a- and 8-amyrin acetates, a mixture of a- and f-amyrins, 
B-sitosterol and an unidentified minor component were obtained in the order 
given. The ether extract yielded three unidentified minor components 
besides scopoletin. 


The alcoholic extract was treated with freshly precipitated lead hydroxide 
and the filtered extract was concentrated to an aqueous syrup which was 
extracted with ether, chloroform and chloroform-alcohol (2:1). From the 
alkali-soluble portion of the ether extract scopoletin was again obtained while 
the chloroform-alcohol (2: 1) extract yielded the glucoside plumieride. From 
the mother liquors of scopoletin another minor component could be obtained 
after acetylation. 


The mixture of a- and B-amyrins was resolved through their anisates by 
fractional crystallization from acetone and chloroform-alcohol. The indi- 
vidual amyrins were obtained by hydrolysing the pure anisates. 


B-Sitosterol was characterized by its m.p., optical rotation, colour reac- 
tions and analysis and this was confirmed by the preparation and character- 
ization of its acetate. As the sterol could be obtained directly by chromato- 
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graphy of the petroleum ether extract it is evidently present in the bark as the 
free sterol and not as its ester. 


Scopoletin was identified by its m.p., fluorescence in alkaline and alco- 
holic solution, ferric colour and analysis. This was confirmed by the pre- 
paration and characterization of its methyl ether. Further the mixed m.p. 
between the original compound and authentic scopoletin was found to be 
undepressed. Scopoletin and its glucoside, scopolin (fabiatrin, murrayin) 
have been isolated from a number of species of flowering plants belonging 
to the families, Solanacee, Graminee, Rosacee, Rutacee, Loganiacee, 
Convolvulaceez, Composite and Apocynacee. 


Plumieride was characterized by its physical and chemical properties 
and by a direct comparison (mixed m.p. and colour reactions) with authentic 
plumieride obtained from the bark of P. acutifolia Poir.* Plumieride (origi- 
nally called agoniadin) was first isolated by Peckolt® from the bark of Plumi- 
eria lancifolia and subsequently by a number of workers*? from the bark 
of P. acutifolia. Its constitution including stereochemistry has been eluci- 
dated by Schmid and coworkers.*-® 


EXPERIMENTAL 


The bark was collected from trees growing round about the Andhra 
University campus in Waltair. 

The powdered bark (2 kg.) was extracted with petroleum ether (3 x5 1) 
in the cold. The petroleum ether-free marc was extracted with ether (3 x4 1). 
The ether-free marc was extracted with 90% alcohol by refluxing it with the 
solvent (2 <5 1) in a boiling water-bath for 4 hours each time. After these 
extractions the marc was no more bitter and was discarded. 


EXAMINATION OF THE PETROLEUM ETHER EXTRACT 


The semi-solid residue (58 g.) obtained by distillation of the solvent 
was chromatographed by dissolving in petroleum ether (300 ml.), pouring 
over a 300 g. column of alumina and eluting with 600 ml. portions of solvents 
and solvent mixtures. The results of the chromatography are briefly sum- 


marised in Table I. 


Fractions 1 and 2.—The semi-solid residue (45-8 g.) slowly deposited 
crystalline rosettes. It proved difficult to separate the crystals as any solvent 
added to dissolve the matrix dissolved the crystals also. The mixture was 
repeatedly extracted with hot 80% alcohol. From the alcoholic extracts 
a colourless powder, m.p. 200-10° (softening at 170-80°), separated. It was 
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TABLE I 
Weight of M.p. 
Fraction Eluate residue Substance after one 
No g. obtained crystallization 
1-2 Petroleum ether 45-8 Amyrin acetate 170-80° 
(softening) 
200-210° 
3-5 Petroleum ether- 
Benzene (9: 1), 
(3: 1) and (1: 1) 6-02 Amyrin mixture 172-180° 
6 Benzene 0-78  -sitosterol 136-38° 
7 Benzene-Chf (19: 1) 0-08 Amorphous 
8 Benzene-Chf (9: 1) 0-34 Minor component 1 208—10° 


9-10 Benzene-Chf (3:1) and 1:52 Amotphous 
Cr: B) 


11 Chloroform 0:05 Amorphous 





twice crystallized from alcohol and once from ethyl acetate when fine colour- 
less needles of amyrin acetate, m.p. 195° (softening) 210-15° were obtained 
(0-3g.). The m.p. could not be improved by further crystallizations. The 
substance gave triterpenoid colour reactions. 


[a]? = + 78-1° + 3°(c = 1-012 in benzene). 
[Found: C, 82-4; H, 11-8; —COCHs, 8-6%. C3.H;,0, (amyrin acetate)® 
requires C, 82-0; H, 11-2; —COCH; (1), 9:2 %.] 


That the substance was an acetate was further qualitatively confirmed 
by hydrolysing it with alcoholic potash, acidifying with dilute sulphuric acid 
and distilling the mixture. The distillate gave with lanthanum nitrate reagent® 
a blue colour characteristic of acetic acid. 


a-B-Amyrin mixture from the mixed acetate——The large quantity of 
mother liquors of amyrin acetate (44-9 g.) was saponified with N/2 benzene- 
alcoholic potash and the amyrin (18-3 g.) obtained from the unsaponifiable 
matter was crystallized from alcohol when colourless needles, m.p. 175-82°, 
were obtained. The substance gave positive Libermann-Burchard and Sal- 
kowski reactions. 

A3 
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[a]8° = +93-7° + 3° (c = 1-104in benzene). [Found: C, 84-1; H, 11°4%. 
C39H;90 (amyrin) requires C, 84-5; H, 11-8%.] 

Preparation of anisate——Amyrin (3-3 g.) obtained in the above experi- 
ment was anisoylated with absolute pyridine (30 ml.) and freshly distilled 
anisoyl chloride (3 ml.). The crude anisate (4-2 g.) sintered at i60° and 
melted at 180-90°. It was chromatographed over 120 g. of alumina employ- 
ing 400 ml. proportions of solvents and solvent mixtures for elution. No 
chromatographic fraction was completely pure. On repeated fractional 
crystallizations from acetone, each was resolved into two to three crops. 
The most soluble crop from each eluate gave a-amyrin anisate (total 2-9 g.), 
needles from chloroform-alcohol, m.p.- 192-94°, [a]*? = + 101-6° + 2° 
(c = 1-215 in benzene). [Found: C, 81-8; H, 10-6; —OCHs;, 5-3%. 
CygH;,O03 (amryin anisate) requires C, 81-4; H, 10-1; —-OCHs (1), 5-5%.] 


The crops melting in the range of 210-18°, obtained in the above frac- 
tionations, were all mixed and fractionally crystallized from acetone, rejecting 
the more soluble portions at each stage. After repeated recrystallizations 
in this manner, a fraction melting at 248-50° was obtained (0-6 g.) which 
corresponded to B-amyrin anisate in its properties. a} = +95-7° + 2° 
(c = 1-213 in benzene). [Found: C, 82:0; H, 10-3; —OCHs3, 6-0%. 
C3gH,03 (amyrin anisate) requires C, 81-4; H, 10-1; —OCHs (1), 5°5%.} 

a-Amyrin from its anisate.—a-Amyrin anisate (1 g.) (obtained as above) 
was saponified with benzene-alcoholic potash. The solvents were removed 
under reduced pressure and the residue diluted with water when a solid 
separated out. It was filtered, washed with water, dried and twice crystal- 
lized from alcohol when colourless needles, m.p. 182-84°, were obtained 
(yield: 0-71 g.). [a]? = +89-8° + 2° (c = 1-026 in benzene). [Found: 
C, 84:2; H, 12-0%. CgoHsoO (amyrin) requires C, 84:5; H, 11-8%.] The 
aqueous filtrate after acidificaticn and ether extraction gave anisic acid (10.p. 
and mixed m.p. 183° and 183-84° respectively). 

B-Amyrin from its anisate-—B-Amyrin anisate (0-3 g.) obtained as de- 
scribed above) was hydrolysed similarly to give pure B-amyrin (0-18 g.), long 
needles from alcohol, m.p. 194-96°.  [a]2?® = +97-8°+ 3° (c=0-926 
in benzene). [Found: C, 84:7; H, 12-1%. CgoHsoO (amyrin) requires 
C, 84-5; H, 11-8%.] 


Mixture of free a- and B-amyrins from the chromatogram of the petroleum 
ether extract.—Fractions 3-5 of Table I were crystallized from petroleum 
ether. In all the three cases colourless needles having a melting range of 
170-82° were obtained (yield 5-1 g.). [a]? = +92-7°+2° (¢ = 1-112 
in benzene). [Found: C, 84:2; H, 12:2%. CsoH;9O (amyrin) requires 
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C, 84:5; H, 11-8%.] The substance was free from acetyl (lanthanum nitrate 
test). 1g. was anisoylated and the crude anisate was fractionally crystal- 
lized from acetone as described already when pure a-amyrin anisate, m.p. 
191-94° (0-5 g.) and pure f-amyrin anisate, m.p. 249-51° (0-3 g.) were 
obtained. The anisates on hydrolysis yielded the pure amyrins. 


B-Sitosterol—Fraction 6 of Table I crystallized from petroleum ether 
as fine needles, m.p. 136-38° (yield 0:62 g.). Recrystallization from alcohol 
gave plates, m.p. 138-40°. It gave positive Liebermann-Burchard and 
Salkowski reactions. [a]§? = — 31-8°+ 2° (ce =1-101 in chloroform). 
[Found: C, 83-7; H, 12:7%. CsgHsoO requires C, 84:0; H, 12°2%.] 


The acetate prepared using sodium acetate and acetic anhydride crystal- 
lized from alcohol as fine needles, m.p. 128-30°. [a]} = — 37-9° + 2° 
(c= 1-108 in chloroform). [Found: C, 81-6; H, 12°1%. C3,Hs.0. 
(B-sitosterol acetate) requires C, 81-5; H, 11-5%.] 


Minor component 1.—Fraction 8 of ‘fable I crystallized frcm petroleum 
ether yielding a colourless substance, m.p. 208-10° (ca. 10 mg.). It gave posi- 
tive sterol colour reactions. 


EXAMINATION OF THE ETHER EXTRACT 


From the greenish yellow extract the solvent was removed by distilla- 
tion. During this process a colourless substance (minor component 2) sepa- 
tated which was filtered and washed with petroleum ether and ether. The 
greenish brown residue from the filtrate weighed 16 g. 


Minor component 2.—This substance (0-2 g.), m.p. 270-82°, was very 
sparingly soluble in the common organic solvents, but was soluble in pyri- 
dine. It could be obtained only as granules from methanol, m.p. 265° 
(softening), 280-84° (decomp.). It answered the usual sterol and triterpenoid 
colour reactions. [a]? = +21-2° + 3° (ec = 0-926 in pyridine). [Found: 
C, 70:7; H, 10°6%. C3o9Hs,0, (probable formula) requires C, 70-8; H, 


.30/ 
10-3%. 


Partition of the mother liquors of minor componer:t 2 and isolation of minor 
components 3, 4 and substance S.—The residue (16 g.) was partitioned between 
petroleum ether (600 ml.) and 70% methanol (400 ml.). The petroleum ether 
layer was further extracted with 2 portions of 250 ml. each of 70% methanol. 
The aqueous methanolic extracts were passed in succession through two 
separating funnels containing 500 ml. of petroleum ether in each. All the 
petroleum ether extracts were united, dried over sodium sulphate and the 
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solvent removed by distillation. The greenish oily residue (fraction X) 
weighed 13-5 g. 


The 70% methanolic extracts were united and concentrated to an aqueous 
liquid and extracted with chloroform (4x50 ml.). The extracts were passed 
through three separating funnels containing 15 ml. of 2 N sodium carbonate 
in each and then through two separating funnels containing 10 ml. of water 
in each. The chloroform extracts were dried over sodium sulphate and the 
solvent removed under vacuum. The neutral amorphous residue weighed 
0-342 g. It was not examined further. 


The alkaline solutions (brown with blue fluorescence) and the aqueous 
washings were united, acidified at 0° with hydrochloric acid and extracted 
with chloroform (4X30 ml.). The chloroform extract residue (fraction Y) 
weighed 1-42 g. 


Fraction X.—The residue when chromatographed over alumina gave 
minor components 3 and 4 on elution with petroleum ether-benzene (4: 1) 
and (1:1) respectively. 


Minor component 3.—Crystallised from alcohol in short colourless 
needles, m.p. 166-68° (yield 0-2 g.) and gave positive sterol colour reactions. 
[a] = —2-7°+2° (ce =0-912 in chloroform). [Found: C, 83-9; H, 
11:9%. CsgH;,0 (probable formula) requires C, 84-0; H, 12-2%.] Its 
acetate crystallized from alcohol as small plates, m.p. 127-29°. [a}*§ = 
— 9-9° + 3° (c = 0-718 in chloroform). [Fourd: C, 82:0; H, 11-5%. 
C3,H;,02 (monoacetate) requires C, 81-5; H, 11°5.%.] 


Minor component 4.—Crystallized from alcohol as pale yellow needles, 
m.p. 170° (softening), 195-200° (yield 10 mg.). It did not answer sterol colour 
reactions. [Found: C, 61-5; H, 5°2%. CysHi,Og (probable formula) 
requires C, 62-1; H, 4-9%.] 


Fraction Y.—The residue was extracted with hot petroleum ether, hot 
benzene and ether until each solvent extracted no more material. The 
amorphous dark brown material left after these extractions was discarded. 
From the residues of the benzene- and ether-solubles a light brown susbtance 
(55 mg.), m.p. 198-200°, was obtained after crystallization from petroleum 
ether (substance S, see later). 


ALCOHOL ExTRACT 


The combined dark brown alcoholic extract (ca. 101.) was concentrated 
under reduced pressure to about 41., shaken with freshly precipitated lead 
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hydroxide (obtained from 500 g. of lead acetate) on a machine for 2 hours, 
filtered through a thin bed of kieselguhr and the precipitate washed well with 
alcohol. Lead present in the filtrate was removed by passing hydrogen 
sulphide and filtering. The lead free filtrate was further concentrated to an 
aqueous syrup (ca. 500 ml.). This was left in the ice-chest for a number of 
days. No solid separated. It was then extracted with ether (5x 300 ml.), 
chloroform (3250 ml.) and chloroform-alcohol (2:1) (4300 ml.). The 
three extracts were examined separately. 


The ether extracts were washed with water (20 ml.), 2 N sodium carbo- 
nate (3 x20 ml.) and water (2X15 ml.), dried over sodium sulphate and the 
solvent removed by distillation. The neutral amorphous bitter residue 
(3-5 g.) was not examined further. The sodium carbonate solutions (brown 
with blue fluorescence) and the subsequent aqueous washings were united, 
acidified with hydrochloric acid (1:1) at 0° and extracted with chloroform 
(3x40 ml.). The chloroform extract residue was given the same treatment 
as described under fraction Y when some more of the substance S (105 mg.) 
could be obtained. 


The chloroform and chloroform-alcohol (2:1) extracts were washed 
with water, 2 N sodium carbonate and water, dried over sodium sulphate and 
the solvents removed under vacuum. The chloroform extract yielded a 
brown semi-solid residue (3-2 g.) which could not be crystallized and was 
not examined further. 


Isolation of plumieride.—The chloroform-alcohol (2:1) extract residue 
(42 g.) was crystaliized from methanol-acetone when colourless needles sepa- 
rated out. They were filtered, washed with acetone and dried, m.p. 152-56° 
(hydrated substance) (yield 13-5 g.). The substance was recrystallized alter- 
nately from methanol-acetone and methanol-benzene and thus colourless 
prisms, m.p. 219-22° (anhydrous substance) were obtained. It gave positive 
Molisch test and negative Legal and Keller-Kiliani reactions. With con- 
centrated sulphuric acid it gave an yellow colour which changed into deep 
yellow and pink (after 2 hours). [a]? = — 104-7° + 2° (c = 0-841 in water). 
[Found on the anhydrous substance: C, 52-9; H, 6-1; —OCHs3, 6:3%. 
Cy H»g0;2 (plumieride) requires C, 53-6; H, 5-6; —OCH; (1), 6:6%.] Mixed 
m.p. with authentic plumieride obtained from P. acutifolia? was undepressed. 


Substance S (scopoletin).—The crystalline substance obtained from the 
fraction Y of the ether extract and the substance obtaircd from the ether 
solubles of the main alcohol extract had identical properties and hence they 
were mixed (total 160 mg.) and twice crystallized from chloroform-ether when 
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colourless long needles (130 mg.) were obtained. The substance (plates from 
alcohol) changed its crystal form at 180° and melted at 204-06°. Its alco- 
holic and alkaline solutions exhibited blue fluorescence. With alcoholic 
ferric chloride it gave a green colour. [Found: C, 63-0; H, 4-4; —OCH, 
15-7%. Cy9H,O, (scopoletin) requires C, 62:5; H, 4-2; —OCHs (1), 16-2°%.] 
Mixed m.p. with an authentic sample of scopoletin was undepressed. 


Scopoletin methyl ether.—The substance (50 mg.) was methylated with 
diazomethane and the product crystallized twice from alcohol when fine 
Icng yellow needles separated, m.p. 144-45°. It gave no colour with ferric 
chloride. [Found: C, 64-4; H, 5-4; —OCHs, 29°5%. C,,Hi,O4 requires 
C, 64-1; H, 4:9; —OCHs (2), 30-1%.] 


Acetate of minor component 5.—The brown semi-solid mass (0-52 g.) 
obtained by evaporation of the solvent from the mother liquors of sub- 
stance S (both from ether extract and alcohol extract) was acetylated with 
anhydrous sodium acetate and acetic anhydride. The resulting dark pasty 
product was dissolved in alcohol and treated with activated charcoal and 
filtered. The residue obtained by evaporation of the alcoholic extract was 
digested with ether. The ether solution on evaporation gave a very small 
quantity of scopoletin acetate, m.p. 174-77° and a small amount of a colour- 
less powder (45 mg.), m.p. 200-06°. The latter was recrystallized from 
alcohol when fine colourless plates, m.p. 210-14°, were obtained. The sub- 
stance was soluble in dilute aqueous alkali but gave no fluorescence. It was 
soluble even in aqueous sodium bicarbnoate, though not very readily. From 
both sodium hydroxide and bicarbonate solution it could be reprecipitated 
vy tne addition of acid. It gave no colour with alcoholic ferric chloride. 
With concentrated sulphuric acid it gave an yellow colour. The substarce 
was free from methoxyl. [Found: C, 62-3; H, 4-9; —COCHs, 26-9%. 
Ci7H,,0, (probable formula) requires C, 61-8; H, 4-3; —COCH, (2), 
26-1%.] On hydrolysis with methanolic hydrochloric acid it gave a very small 
quantity of a substance, m.p. 135-40° (impure) which gave greenish brown 
colour with alcoholic ferric chloride. 


SUMMARY 


The chemical examination of the bark of Plumieria alba Linn. by extrac- 
tion with solvents and fractionation is described. Amyrin acetate (a, f- 
mixture), amyrin (a, B-mixture), f-sitosterol, scopoletin and plumieride 
have been isolated and characterized. Besides these, four minor components 
have been obtained in yields which did not permit closer examination. 
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THE INFLUENCE OF SUBSTITUENTS ON THE 
ADDITIVE REACTIVITY OF ETHYLENE 
DERIVATIVES 


Part VI. Thermal Addition of Bromine to Cyclohexene and Phenyl Ethylenes 


By I. M. MATHAI 
(Department of Chemistry, Madras Christian College, Tambaram) 
Received August 16, 1960 
(Communicated by Prof. S. V. Anantakrishnan, F.A.sc.) 


WHILE considering the mechanism of bromine addition to olefines, it has 
been pointed out earlier! that the influence of substituents in the gas phase 
and in solution may differ and even vary with the solvents. The rate constant 
alone is quite inadequate in evaluating group influences. Qvantitative 
comparisons will be accurate for members of the same group, provided there 
is no mechanistic change. It was then considered worthwhile investigating 
the bromine addition to cyclohexene and phenyl ethylenes in solvent mix- 
tures consisting of acetic acid and carbon tetrachloride. 

Competitive methods’ indicated the ability of the phenyl group to pro- 
mote electrophilic halogen addition and this was confirmed by direct measure- 
ments.*» 1! The well-known passivity of tetraphenyl ethylene has to be largely 
attributed to steric hindrance. The same behaviour is exhibited by aa’ 
dialkyl and alkyl aryl stilbenes. These compounds, instead of adding bro- 
mine, undergo substitution reactions at the alkyl group.!® Robertson ef al. 
(Joc. cit.) have studied the bromination of a number of pheny! ethylenes in 
acetic acid, in some cases in presence of added salts, and, depending on the 
nature of the substituents, both electrophilic and nucleophilic mechanisms 
have been proposed. The activating influence of the phenyl group has also 
been noted‘ in the case of sulphones where p.CH;C,H, > C,H; > Hin 
CH,;SO,CH = CHR (R = p.CH;C,H,; or H). 


EXPERIMENTAL 


Cyclohexene was purified by repeated washing with concentrated hydro- 
chloric acid, then with sodium bicarbonate solution and finally water. The 
compound was then dried over anhydrous A.R. calcium chloride for several 
days and fractionated, the middle fraction alone being stored in an amber 
coloured bottle in an atmosphere of carbon dioxide in a desiccator over 
calcium chloride. B.P. = 83° C./760mm. The styrene monomer was dried 
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over anhydrous calcium chloride and fractionally distilled just before each 
experiment, B.P. = 145-5° /758mm. Stilbene and triphenyl ethylene were 
purified by repeated crystallisation from ethanol and was kept in vacuum 
desiccator over anhydrous calcium chloride in the dark. Stilbene M.P. = 
124°C.; Triphenyl ethylene M.P. = 72-5°C. Bromine and the solvents 
were purified as in earlier work. The results are presented in Figs. 1-4. 


The high reactivity of cyclohexene and styrene precluded the study of 
the reaction in pure acetic acid or even in solvent mixtures with a higher pro- 
portion of acetic acid. The reaction in pure carbon tetrachloride is hetero- 
geneous but an addition of 20 per cent. acetic acid by volume leads to a nearly 
homogeneous process. At 10 per cent. acetic acid the reaction is accelerated 
by surfaces (Fig. 1) (cf. Robertson ef al.**). 


In the case of triphenyl ethylene-bromine reaction, the potassium iodide 
solution used to arrest the reaction had to be cooled to about 0° C. to mini- 
mise the further reaction between the product and potassium iodide. 


DISCUSSION 


In 20 and 10 per cent. acetic acid the bimolecular “‘ constants ”’ for sty- 
rene and cyclohexene decrease with the progress of the reaction but the ter- 
molecular ‘‘ constants ’’ tend to remain constant; the temperature coefficient 
is also low, indicating a possible termolecular mechanism. 


Triphenyl ethylene adds bromine at a faster rate than stilbene, tempera- 
ture having a negligible effect during the initial stages of the reaction. How- 
ever at the higher temperatures, the later stages of the reaction appear to be 
slower. It has been noted that triphenyl ethylene adds on bromine but the 
resulting dibromide lost hydrogen bromide to form tri-phenyl-bromo-ethylene. 


The reaction order for stilbene in pure acetic acid is found to be lower 
than three but greater than two, indicating simultaneous bimolecular and 
termolecular reactions. With an increase in the percentage of carbon tetra- 
chloride, a reaction order of three is obtained. 


Solvent: Acetic acid-carbon tetrachloride mixture 


Bimolecular constants in acetic acid were obtained at 35° C. for M/800 
concentration whereas at M/400 the bimolecular rate constants decrease and 
termolecular constants increase. Hence dilution of the olefine favours a 
bimolecular reaction. At M/600 for transtilbene, bimolecular constants were 
obtained in acetic acid in presence of hydrogen bromide,* 
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TABLE I 


K; Values for stilbene-bromine reaction at 35° C. 











Solvent M/100 M/200 M/400 
° 
100 HOAc wa ik 11060 14230* 
80 HOAc ‘a - 3698 4196 
60 HOAc +“ es 1074 1206 
40 HOAc ..  306°6 304:8 306: 6 
20 HOAc _ 74-53 
100 CCl, a 12:01 
(2) At 10% reaction. * Initial value from the graph. 
TABLE II 


Effect of temperature on the stilbene-bromine reaction 








Solvent Temperature Kg E Average PZ 
y 4 i K.cal. E 

80 HOAc = 30 aa 
35 3698 i 5-28 5-43 4+3/105 
40 4278 5°58 

60 HOAc be 30 928-9 
B 1074 5+38 5-52 1+4x 105 
40 1245 5:66 

40 HCAc oe 30 pop | 
35 304:8 i 3.33 5+34 3+1x 104 
40 30-2 5+32 





The effect of temperature can be assessed from Table II (Fig. 5). The 
energy of activation is found to be nearly the same but PZ values decrease 
with an increase in the carbon tetrachloride content of the medium. The 
decrease is not so noticeable as in the case of 2-methyl-allyl-chloride, allyl 
chloride and allyl propionate. A study of the energy of activation and 
PZ values of allyl bromide and stilbene in comparison with the other allyl 
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Text-Fic. 5. Effect of Temperature, Stilbene, M/200, (40% HOAc + 60% CC1,). 


compounds indicates (Table III) that with a symmetrical transition state 
the transition probability for product formation is not altered much and the 
decrease in PZ values has to be accounted by solvent influences (Table III). 





Allyl bromide (M/80) Allyl chloride (M/80) 








Solvent 
= E (K.cal.) PZ E (Kceal.) PZ 
100 HOAc te 3°17 1-3 x 108 2°82 8*7x 10? 
80 HOAc Bm 3:47 5-1 x 102 1:07 1-3x10 
60 HOAc - 3-82 2°4x 102 1-08 3°5 





A study of the reactions indicates an order of reactivity cyclohexene 
> styrene > triphenyl ethylene > trans stilbene. 


It has been shown by Robertson ef a/.® that cyclic structures have no 
special influence on the rate of addition. Hence cyclohexene may be similar 
to cis-butene and it must be faster than ethylene. Two methyl groups joined 
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TABLE IV 
K;x10-* values 














Solvent Cycloxene Styrene Stilbene Tripheny] 
% (M/800) (M/400) (M/400) ethylene 
: (M/500) 
10 HOAc 33-5 2-61 
20 HOAc : 153.0 11-91 0-075 
40 HOAc ie _ es 0-31 4-17 
60 HOAc a “4 - 1-21 17-60 





In all cases Kg values are presented as (moles per litre)-? ‘per minute’. 


to the same carbon atom are found to be superior to a phenyl group? and this 
is also indicated by the relative rates of bromine addition to 88 dimethyl 
styrene and styrene.1! The phenyl group exhibits duplex polar character 
and can function as an activator. The dipolar structures (+ PhCH = 
CH Ph + ) are present for stilbene and it is possible that resonance stabilisa- 
tion can reduce the rate. Such resonance stabilisation is not possible for 
styrene and hence styrene adds faster than stilbene. In the case of triphenyl 
ethylene, due to the nonsymmetry of the molecule resonance stabilisation is 
less than that of trans-stilbene and triphenyl ethylene adds bromine faster 
than trans-stilbene. Hence asymmetrical diphenyl ethylene will be faster 
than the symmetrical compound. But in the case of triphenylethylene steric 
retardation of the bromine addition may also be present. 


Generally, cis-compounds are found to react faster than trans, but 
exceptions are also known. Maleic acid reacts faster than fumaric acid, 
probably due to the difference in permanent state of polarisation; — I, — T 
effect of a carboxyl group is neutralised to a certain extent by that of the other 
carboxyl group in fumaric acid assuming a vector addition of bond moments 
whereas it is cumulative in maleic acid. Cis-butene, cis-stilbene, etc., must 
react faster than the corresponding trans-compounds. In the case of angelic 
and tiglic acids partial neutralisation occurs in the case of angelic acid and 
hence tiglic acid appears to react faster than angelic acid, as observed by 
Buckles et al.® 


CH;s-——~>C 





H H——C+-———-CH, 


CH;——+C-——-*COOH CH;——-+C——->COOH 
Tiglic Acid Angelic Acid 
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Similarly one can explain the greater reactivity of the trans-crotonic 
acid when compared with the cis-acid. Hence a correlation between the 
reaction velocity and the polarising force of the substituent may be expected. 


A constitution change in close proximity to the site of reaction or an 
alteration in solvent in which the reaction is carried out would change the 
shape of energy surface at the saddle point and there will be a difference in 
the entropy as well as in the energy of activation. 
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SUMMARY 


The thermal addition of bromine to cyclohexene and phenyl ethylenes 
has been studied in acetic acid-carbon tetrachloride mixtures and the order 
of reactivity is found to be cyclohexene > styrene > triphenyl ethylene > 
stilbene. Polarising force of the substituent can explain to a certain extent, 
the difference in the reactivity between the cis and the trans-compounds. 
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